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ABSTRACT

REFERENCE: Nordiin, E. F., Jonas, P. G., and Scharosch,
D. L., "A Preliminary Study to Determine the Feasibility
of Button Welded Fuse Plates", State of California,
Department of Public Works, Division of Highways,
Materials and Research Department. Research Report No.
646429, November 1969.

ABSTRACT: Button welds in steel plates are investigated
to determine if they can be consistently produced to
provide shear failure at a predetermined levei. The
results of this prefiminary study indicate that button
welded steel fuse plates are feasible as a more reliable
alternate to the torqued bolt-slotted steel fuse piate
currently used in breakaway steel posts for roadside signs.
However, further investigation, inciuding dynamic tests,
will be necessary to establish the exact plate thickness
and button weld size necessary to provide a button welded
fuse plate with the dynamic shear failure behavior
required in the fuse plate of a breakaway steel post
during impact by a coiliding vehicle.

KEY WORDS: Breakaway supports, welding, welded joints,
testing, sign structures, shear strength.
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i. §NTRODUCTEON

For nearly two years it has been the policy of the Catifornia
Division of Highways to mount all ground mounted roadside signs on
posts that breakaway with a minimum of resistance from impact by a
colliding vehicle. Steel posts are made breakaway by incorporating
design features proposed by the Texas Highway Department and
developed by the Texas Transportation Institute in a cooperative
research project sponsored by the state highway departments of
various states i{ncluding California.

The principle features of this breakaway steel post design are
a slip base and a fuse piate or weakened hinged plane in the post
immediately below the mounted sign which permits the impacted post

to swing up and away from the coiliding vehicle. The fuse plate
must be designed to carry the stresses induced by wind Toadings on

the sign but to fail under the higher impact loads imposed in a
vehicle collision.

The T.T.1. (Texas Transportation Institute) developed fuse
plate adopted by the California Division of Highways utilizes a
slotted plate which is restralned from slipping by the clamping
action of two torqued high strength boits. The strength of this
fuse plate is dependent to a high degree upon the amount of torque
in the high strength bolts. Problems can deveilop in seeing that
the desired tension is placed and maintained in the bolts.
California Division of Highways' Standard Plan S43-9 dated Decem-
ber 4, 1968 (see Figure | of this report), shows the details for
current breakaway sign posts and prescribes that the bolts shall
be tightened to torques that are specified. Other states specify
that the bolts shall be tightened by the "turn of the nut" method.

To date, the reported experience of the California Division of
Highways with the torqued bolt-siotted steel fuse plate in break-
away steel posts for signs has been satisfactory. However, there
is concern that problems have reportedly developed in at least one
other state and could develop in California involving unsatisfactory
Tuse plate action caused by difficuities encountered in controlling
the correct Joad on the bolts to insure satisfactory action.

In @ meeting in California in December 1967, Dr. Robert Cison,
co-director of the highway sign research conducted at T.T.l., and
Mr. Leon Hawkins, of the Texas Highway Department, suggested to
members of the California Division of Highways that button welds
might be employed to insure a more reliable and predictable fuse
plate foad capacity. in a button welded steel fuse plate, the iocad
capacity would be dependent on the shearing strength of button welds
used to fasten two overlapping plates together. We felt that the
idea had merit but realized that further investigation would be
necessary.
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Therefore, on February 2, 1968, Research Project No. M & R
646429, financed with state funds, was Initiated as a preliminary
study to determine the feasibility of button welded steel fuse
plates for use on breakaway steel posts for ground mounted highway
signs. The study was to determine if button welds could be

~produced on a production line basis which will accurately and

consistently fail at a predetermined shear strength. The ultimate
promise of the button weld lies In the potential that preset

_cycling of automatic welding machifies will produce welds completely

divorced from the dlrect control of the operator.

wavvwLfastio.com
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i1. CONCLUSIONS

It appears that the following conclusions can be reached
from this preliminary study:

1. Button welds can be consistently prepared to meet
a variety of predetermined shear strength levels.

2. Button weided steel fuse plates are feasible for
reifable use on breakaway steel posts for ground
mounted roadside signs. However, further study,
including dynamic testing, will be necessary to
establish the exact plate thickness and button
weld size necessary to provide a button welded
fuse plate with the same dynamic behavior exhibited
by the current torqued bolt-siotted steel fuse
plate in a breakaway steel post during impact by a
coliiding vehiclie.

ClibPDF - www .fastio.com
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tit, J§NFORMATION

The button weld is looked on as an attractive, possible alternate
method of controlling fuse plate strengths because (1) they lend them-
selves to mass production, (2) they require no maintenance, (3) they
can be replaced with ease, and (%) they are contended to have predict-
able shear strengths. 1t is with this last point that this project
was initiated, e.g., to determine whether or not button welds could be
produced consistentiy with predictable shearing strengths.

The button weld sizes in this study were selected to represent
the strength of the current slotted steel fuse plate connection
fastened by torqued bolts.

in an effort to meet the objectives, this project was organized
into five phases. A group of test samples were prepared for each
phase. The results or conclusions obtained from one group of samples
was necessary prior to advancing to the next group. The order of the
button weld investigation progressed as follows:

Test Group 1. ‘Evaluat!ng the welding machine variables.

Test Group 2. Testing the current torqued boit-slotted fuse
plates to determine their shear strengths,

Test Group éo Preparing prelfiminary button weld shear tests.

Test Group 4. Testing full size button welded fuse plates
containing strengths comparable to the current
torqued bolt~siotted fuse plate connection.

Test Group 5. Testing full size button welded fuse plates at
: controliable machine settings.

A1l button welds were made with a Linde Sigmatic welding control,
Type SCC-8, in conjunction with a Linde power supply, Type SVi-1000,
and a Type ST-5 in-line welding torch with a #16 head.

The fuse plate connection tested conformed in geometry to the
"Fuse Plate Detaf{i" shown on California Division of Highways' Standard
Plan $43-9 titied "Roadside Signs, Steel Posts and Timber Poles
Installation Details' dated December 4, 1968. The particular fuse
plate size used in this project for testing and evaluation was selected
to conform with the requirements of the size 6B12 steel post (see
Figure 1}.

The plate thicknesses were reduced from 3/8 inch to 1/k inch as

-~ an initial engineering decision. The button welds that join the two

plates are stiil representing the weaker 1ink even with the reduced
plate thicknesses. Plate thickness is accepted as a significant
variable in the controlling of button weld soundness. The scope of
this project was not to determine to what extent plate thickness
affects button welding, consequently throughout this project fuse
plate thickness was held constant at /4 inch.
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I¥. TEST PROCEDURE

Test Grdup 1

In this first phase of the investigation, twenty three test samples
were prepared by operating the button welding (MIG spot welding)
machine fusing two 1/4 Inch cold rolled 1-1/4 Inch wide steel
straps together {see Figure 2). These samples were designated as
Test Group 1. The grade of steel in these straps and in all of the
fuse plates in this study was AISt 1018 with a carbon content of
0.15 to 0.20 percent. The button weld specimens of Test Group |
were prepared for analysis to determine the significant machine

FIGURE 2

BUTTON. WELDING

parémeters thatiaffect the nugget size, penetration profile and
other geometrical and fusion factors that Influence the ultimate
shear strength of button welds. The machine variables investigated

were:
t. SloﬁeL

2. inductance.

3. Wire amount'(eycle duration control).

ClihPD www.fastio.com
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4, Button welding current.
5. Button welding voltage.
The machline variabies held constant throughout all tests were:

I. Wire speed.

2. Wire sizek,

3. €O, gas shielding flow rate at 40 CFH.

The specific machine settings used in welding each of the test
samples are summarized in Appendix C, Table I1. '

All button weld samples were prepared in the flat position and on

a steel, well grounded table. The first fifteen button weld samples
were generated on the two 1/4 inch steel straps with the top strap
containing a 1/8 inch diameter pilot hole. These samples were -
numerically identified 1 through 5. Eight subsequent weld samples
were generated on straps with the pilot hole increased to 1/4 inch
diameter. These button weld samples were numerically identified 1A

“through BA. Each button .weld specimen was steel stamped for iden-

tification, cut in half, polished, and etched for macrophotography
(see Appendix A). ‘

No physical tests were performed on any of the Test Group | samples.
The primary purpose of these samples was to study the affect of the
various welding machine variables on the button weld size and

profite.

.hTest Group 2

For the second phase of this study, five identical samples of

slotted steel fuse plates fastened with high strength bolts were

prepared In conformance with the details shown in Figure 1 for a
6B12 post size except the thickness of the ptate was 1/4 inch,

The 1/2 inch diameter high strength bolts were torqued by a cali-
brated torque wrench to the specified 125 foot-pounds. These five
bolted samples, known as Test Group 2, were tested to determine
their ultimate shear strength under static 1oad. The resuits of
these physical tests are summarized in Appendix D, Table Vi. The
conclusions arrived at from this group were (1) the Mean static
shearing strength, (2) the Standard Deviation, and (3) the Coeffi-
cient of Variation for the five tests of the current torqued bolt-
stotted fuse plate connection.

The Test Group 2 information was necessary to establish the
ultimate shear strength to be developed in the button welded fuse
plate. .

* 1/16 tnch diameter Linde 65, Bare Mild Steel £lectrode for Gas
Metal-Arc Welding, AWS-ASTM Classification E60S5=-2.

www . fastio.com
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Test Graup 3

As the next phase of this study, simple shear specimens contalning
two button welds were prepared for physical testing and evaluation.
The intent of this aroup of sampies, Test Group 3, was to determine
(1) button weld shear strength as a function of button weld size

and (2) whether button welds can be prepared consecutively and
uniformly. Eighteen specimens were prepared for physical testing

to determine the performance of various button weld sizes (see
Figure 3). Six different machine settings were used with three test

~FIGURE 3

SIMPLE SHEAR SPECIMEN

specimens prepared for each setting as summarized in Appendix C,
Table II'l. The sequence for preparing each set of three shear test
specimens were: :

1. Obtain the desired welding machine control settings.

2. Generate a single sample button weld (Button Weld 1B is an
example) .

3. Generate three shear test specimens, each with two welds
(Button Welds 2B and 3B are examples). '

ChibPDF - www.fastio.com


http://www.fastio.com/

ClibPDF -

www . fastio.com

mg-

4, Generate a single final sample button weld (Button Weid 8B is
an exampie). : :

The sample button welds prepared before and after each set of three
shear test specimens are basic to any controlled testing analysis,
If, for example, the strength of each three specimens varied
greatly, it would be expected to detect a significant difference in
the two sample button welds when cut in half, polished, and etched.
if on the other hand each three test specimens show a degree -of
uniformity as to shearing strength, the two samplé button welds
depict precisely the nugget geometry of the test specimens which
they represent. Macrophotographs of the initial and final samplie
button weld for each of the six sets of shear-test specimens are .
shown in Appendix A. The six sets of shear specimens were prepared
in this fashion and physically tested in shear to fallure under
static Joad. The results of these shear tests are summarized in
Appendix D, Table ¥il.,

The conclusions drawn from the results of Test Group 3 were (1) the
ultimate shearing strength as a function of button weld size and
(2} the degree of consistency between consecutive button welds at
fixed welding machine settings. ~

With the average ultimate static shearing strength of the torqued
bolt-siotted fuse plate connection known from Test Group 2 and the

button weld uit¢timate static shearing strengths avaliable from Test
Group 3, sufficient information was now available to prepare ful}l
size button welded fuse plates. -

Test Group 4

Test Group 4 consisted of eleven full size button welded fuse plate
specimens. These specimens were all prepared from 1/4 inch cold
roiled steel material with 1/4 inch diameter button weld pilot

holes (see Figure 4). The button welds for these fuse plate speci-
mens were all generated at the same welding machine contro! setting;
namely, the control setting from Test Group 3 that produced a fuse
plate static shear strength comparable to the torqued bolt-slotted
fuse plate. The machine setting from these specimens it shown in
Appendix C, Tabie V.

Ten of the eieven specimens were physically tested to fallure in

shear. The test results are summarized in Appendix D, Table VI['.
The eleventh specimen was not tested. It was retained for demon-
stration purposes. Figure 5 shows the three point loading fixture
for testing the full size button welded fuse plate specimens.

This testing fixture was so designed, dimensionaliy, as to result
in a machine Toad reading equai to the induced shearing 1oad on the
specimen,

As will be discussed further under Data Analysis, the results

.of Test Group 4 were not as consistent as would be desirable, even

though the Coefficient of Variation of the button welded fuse piates
of Test Group 4 was slightiy improved when compared to the Coeffi-
cient of Variation for the torque bolt-siotted fuse plate tests of
Test Group 2.
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The variation observed In the button welded fuse plates of Test
Group 4.was attributed to operating the welding machine at a low
value cycle duration control setting.

FIGURE 4

FUSE PLATE BUTTON WELDING JIG

From the button welding performed for Test Group 1 and the subse-
gquent button welding for Test Group 3, it was observed that

increased {or longer) cycle durations contribute significantly to
button weld consistency. Operating with a very short cycle duration,
as was the case with the small button welds selected for the fuse
plate connections of Test Group 4, appeared to produce varfiable
results' which could be improved by increasing the cyclé duration.
This led to Test Group 5.

Test Group 5

Test Group 5 consisted of another eleven full size button welded fuse
plate specimens. These plates were identical in all respects to
those of Test Group 4 except for the button weld size (see Figure 6).
The button weld size {which was found to be a function of cycle
duration} was Increased slightly to a point that it was believed the
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FIGURE 5

TESTING MACHIME IN OPERATION
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welding machine would operate more consistently. The machine settings
for the button welds of Test Group 5 are shown In Appendix C, Table V.
Ten button welded fuse plates were physically tested in shear to
failure. The data recorded on this group as with all previous shear
tests was the ultimate shearing load. The results of the shear tests
are summarized in Appendix D, Table X, _

FIGURE 6

BUT?ON-WELDED FUSE PLATE

As was a;E!cipétéé from the welding machine's performance on eariier
button welds, the consistency of fuse plate strengths, with slightly

increased cycle duration, was greatly improved. Test Group 5 con-
cluded the physical testing phase of this project.

51
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Vi. DATA ANALYSIS

Test Group 1

The analysis of data for this project began by reviewing the macro-
photographs of button weld specimens (see Appendix A) of Test Group
1. The first series of button welds, of which there were 15, were
prepared to determine the welding machine parameters that signifij-
cantly affect penetration control of the button weld process. These

. first weld specimens were prepared on 1/4 inch steel plates with the
top plate containing a 1/8 inch diameter pilot hole.

Macrophotographs #1 through #4, shown Iin Appendix A along with other
macrophotographs, depict nugget geometry while varying only the
welding machine cycle duration control. Appendix B contains the
welding machine cycle duration control calibration curve that
describes the amount. of wire in inches fed to a button weld puddie
versus the cycle duration control setting of the welding machine.

A1l of the other machine controls were held constant at nominal
values. Appendix C, Table 1!, contains the data of the precise
welding machine control settings for the samples prepared for Test
Group 1. The conclusions. that were drawn from the first four butten
welds were:

1. Weld nugget penetration is not significantly affected by the
welding cycie duration control until substantial changes have
been made.

2, WeIJ nugget profile throughout the penetration portion Is
constantly varvying.

Macrophotograph #5 depicts the effect of varying the slope control.
The machine cycie duration control was returned to the setting used
in the preparation of button weld #1 and the slope control was
changed from flat to steep maintaining the perceritage of slope,
The conclusion drawn from weld #5 was that changing the slope from
flat to steep hinders button weld fusion. The macrophotograph of

. weld #5 shows no penetration even though the 1/8 inch diameter
pilot hole was removed in sectioning.

The welding machine slope control was then returned to the flat
position (at the original position prior to weld #5).

Macrophotograph #6 depicts the effect of varying the inductance con~-
trol. Again the welding machine was maintained at the control
setting similar to weld #1 except the inductance control was changed
from low to high maintaining the same percentage of inductance. The
conclusion drawn from weld #6 was that changing the inductance from
low to high hindered button welding. The macrophotograph of weld #6
shows no fusion.

Since the conclusions drawn to this point in testing, e.g., (1) in-
creasing the slope control from flat to steep actually hindered button
welding and (2) increasing the inductance control from low to high
also hindered button welding, it was decided to maintain the siope
control! setting in the flat position and maintain the inductance
control in the low position but minimize the percentage of inductance.
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Macrophotograph #7 depicts the effects of button welding with the
inductance control maintained in the low position with the degree
of inductance control reduced to the minimum value. The conclusion
drawn from weld #7 was that minimum inductance reestablishes and
improves the penetration and sound of the welding operation. Prior
to weld #7, the operation sounded as though welding was occurring
sporadically based on the popping sounds and the surging of sparks
from the welding torch nozzle vents.

Macrophotograph #8 depicts the effects on the button welding with
the inductance controi maintalned in the low position with the
degree of inductance control at the minimum value and maintaining
the slope control in the flat position but with the degree of slope
control now also reduced to the minimum value. The conclusion
drawn from weld #8 was that minimum fnductance and minimum sliope
significantly improves the sound and fusion in the button weliding
operation. During the weldlng cycle the welding was extremely
stable sounding (buzzing type sound).

Macrophotographs #8 through #15 depict the effects on nugget geome-
try (penetration and nugget size) resulting from varying the welding
duration control. All other machine controls were maintained
constant. The conclusions drawn from welds #8 through #15 were:

. Weldfng duration control significantly affects the amount of
penetration of the button weld.

2. The lower limit for the welding duration control causes
unstable nonpenetrating button welds.

This concluded the first part of Test Group 1 which maintained the
pitot hole constant at 1/8 inch diameter.

The second part of Test Group 1 consisted of eight button welded
samples with a new pilot hole size of 1/4 inch diameter.

Macrophotographs #1A and #2A depict the effects of a short cycle or
short welding machine duration setting on button welding with 1/4
inch diameter pilot holes. Button welds ¥1A and #2A were prepared
with a welding machine cycle duration control setting to consume

3.3 inches of wire for each button weld. The welding duration
control was then increased 1.3 inches per cycle to 4.6 inches per
cycle at which point welds #3A and #4A were prepared. Macrophoto-
graphs #3A and #4A depict the resuits of increasing the weliding
duration control while maintaining all other machine controls
constant. Macrophotographs #5A and #6A depict the results of in-
creasing again the weld duration 0.8 inches per cycle to 5.4 inches
of wire per cycie. A significant increase in penetratlon is evident
from the macrophotographs at this setting. Macrophotographs #7A and
#8A show no detectable increase in penetration but do show the
establishing of the button weld head. Welds #7A and #8A were
prepared with an increased weld duration control of 0.8 inches of
wire per cycle to a total wire deposit of 6.2 inches per cycle.
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The conclusions drawn from welds #1A through #8A were:

shed

1. lIncreasing the pilot hole to 1/4 inch diameter reestabl}
penetyation for short duration button welding (small button
welds). ‘

2, Short cycle duratlion control settings produce an erratic button
welding condition., The system was on occasion noted to cycle
twice on the command for one cycle sequence {weld #4A).

3. Button weids can be prepared with penetration and with flush
button heads.

b. Button weld profile is spiked indicating a desirable fusion
condition which becomes longer or shorter for minor changes
in the cycle duration control.

This concludes analysis of the data from Test Group ! which dealt
with the preliminary evaluation of the welding machine parameters
which affect basic button weld nugget size and penetration profiie.

The significant conclusions arrived at from macrophotographic
analysis of Test Group | weld specimens (see Appendix A, Table )
are:

1. Operating the welding machine at minimum control settings, e.g.,
slope in flat position and inductance In the low position
enhances a controlled button welding operation.

2. A 1/h inch diameter pilot hole improves controiled penetration
at the lower cycle duration settings.

3. The cycle duration control setting determines both the button
weld penetration and button weld shear area when holding all
other welding machine parameters constant at nominal values.

Test Group 2

Test Group 2 consisted of shear tests on five full size specimens
of torqued bolt-siotted steel fuse plate connections. Each speci-
men involved torquing the two bolts to 125 foot-pounds. The
primary intent of these tests was to determine the approximate
total static shear strength of the current torqued bolt-slotted
fuse plate design. The current fuse plate design falls at a
desired shear load when the frictional force between two plates,
induced by the clamping force from two torqued high strength bolts,
is overcome and the one plate with slotted holes is permitted to
siip away from the other plate. in this study it was proposed
that shear failure at this same load level can be achieved by
fastening the two plates together with two carefully controlied
button welds. It is also proposed as part of this project, and
must be substantiated, that the predictability of the shearing
strength of the button welded fuse plate design will be substan=
tially better than that of the present torqued bolt method.
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The five test specimens were assembled In three sets with a
different person torquing the bolts in each set. This resulted

in one person torquing specimens #1 and #2, a second person
torquing specimens #3 and #4, and a third person torguing specimen
#5. Specimens #1 through #4 were torqued without any lubrication
on the bolt threads. Specimen #5 had the bolt threads lubricated
with molybdenum-disulfide.

The five shear tests of the bolted connection were conducted to
determine, in each case, the ultimate shear strength. The data was
then analyzed for: :

1. Mean static ultimate shear strength,

2. Standard Deviation.

3. Coefficient of Variatlion.

Appendix D, Table VI, éontains the results of these shear tests.
This concluded the analysis of Test Group 2.

Test Grdup 3

Test Group 3 specimens were the first to include physical testing
of button welds in shear. These tests were performed on simple
shear specimens to determine the ultimate shear strength of various
single button welds., The size of the button was controlled com-
pletely by the wire duration control of the welding machine. Six
different sets of three identically prepared specimens (two welds
each) were prepared and tested. Each set had its respective two
control button welds, one initial and one final sample weld.

The first set of test specimens contained the minimum size button
weld which can be prepared on two 1/4 Inch plates containing the
desired parallel nugget profile without losing fusion with the
second {(or bottom) 1/4 inch plate. Machine setting information for
the six button welds In this flrst set of three specimens (welds
#2B through #7B) and for the two control button welds for this
first set {welds #1B and #8B) are shown in Appendix C, Tablie I11,
which also summarizes the data for all specimens in Test Group 3.

The macrophotographs of the control button welds for this first set
of specimens are identifled as #18 and #8B (see Appendix A).

Notice from these macrophotographs the limited penetration of the
button weld. ' '

The sample shear specimens of Test Group 3 were aligned in a small
fixture as shown in Figure 3. The button welding torch was held
perpendicular to the work with the filler wire clipped back
(recessed) slightly enhabling a running start. A good ground con-
nection was found to be very important.

The remaining five sets of button weld shear specimens were prepared
at convenient machine control settings to incorporate the entire
range of button weld sizes that develop satisfactory top plate to
bottom plate penetration. The machine cycle duration control, again,
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was the only paramete? varied during the fabrication of samples for
Test Group 3, and it was varied only when a new size button weld
was desired. The data representing the statlc ultimate shear
strength of each set of button welds of Test Group 3 are found in
Appendix D, Table yil. With the completion of Test Group 3, a
graph was prepared to demonstrate the button weld shear strength as
a function of cycle duration control (see Figure 7).

Conclusions resulting from the analysis of data derived from Test
Group 3 are:

1. Button weld static shear strength can be controlled.

"2, The tange of button weld shear strengths will enable full

scale button welded fuse plate fabrication (Test Group

to begin immediately. Macrophotographs of the control
buttons for Test Group 3 depict very clearly that the dura-
tion of the cycle is directly related to the size of the
penetrating button weld cross section at the interface of
the two plates. This 1s the area in shear when the samples
are tested.

Test Group &4

Test Group 4 includes eleven full size fuse pltates, each containing
four butfon welds (two on top and two on the bottom) . The button
welds in this test group were selected to provide the same fuse
plate static shear strength as the torqued bolt-slotted fuse plates
tested in Test Group 2. The machine settings for the button welds
in all of the test specimens in this group were identical and shown
in Appendix C, Table V. Ten of the eleven specimens were tested
for uitimate shear strength, the eleventh as mentioned earlier was
retained for demonstration. After the ten were tested for ultimate
shear strength, the data were analyzed for Mean, Standard Deviation,
and Coefficient of variation (see Appendix D, Table Vill).

Comparing the Test Group 4 button weld fuse plate connection per-
formance with that of the Test Group 2 torqued bolt-slotted fuse
plate connection, we find the following:

. The ultimate static shear strength of the proposed putton welded
connection has 2 12 percent higher strength than the current
bolted connection.

2. The reproducibility of button welded shear plate connections
exceed that for the bolted connection.

3, The button weld selected to simulate the torqued bolt-slotted
fuse plate strength was the smallest button weld investigated
with this machine, without losing button weld penetratlone

With the requirement of having two button welds controliing the
shear strength of the fuse plate, it was necessary to select the
smallest button weld which had been investigated In Test Group 3.
This size button weld is the smallest slze attainable by the machine
(with the control setting and plate thickness restrictions) hefore
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fusion Is lost between the two plates. At these machine control
settings for wire speed and wire cycle duration, the fairly wide
variations in button weld strength which results In Test Group &
are not surprising. The welding machine cycle duration control

for preparing the specimens of Test Group 4 was set at 10/360 x

100% = 2.8% of its over-all operating range.

Test Group 5

Test Group 5 specimens were similar to the Test Group 4 specimens
except for the size of the button weld selected. Because the
weliding machine operating performance for Test Group 4 test specl-
mens was felt to be hindered by the restriction of the small button
weld, the cyclie duration control was Increased for the Test Group 5
specimens into the range of the control where button weld perfor-
mance was believed would be more consistent. |t was recognized at
the onset that this would, at the same time, increase the over=-all
shear strength of the fuse plate.

Eteven full size fuse plate connections were then prepared. As
with Test Group 4, each plate contained one button weld in each of
the four corners of the fuse plate connection. Ten specimens were
tested for the ultimate shearing strength. The ultimate shearing
strengths of the ten specimens were than analyzed for Mean,
Standard Deviation, and Coefficient of Variation (see Appendix D,
Table IX). '

The Improvement can be seen from the Coefficient of Variation of
Test Group 5. The increased fuse plate strength was anticipated.
This concludes the data analysis of Test Group 5 and of this
project,
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Vi. TEST EVALUATION

Based on the button welds prepared and tested for this
preliminary study, it inconclusively appears that there is an
optimum ptate thickness to button weld size combination that woulid
enable a specific ultimate shear strength to be achieved with
consistency in a button welded fuse plate. We have shown that the
degree of button weld shear strength consistency is increased at
longer cycle duration control settings. This leads us to the
condition which occurred between Test Groups 4 and 5 where the
consistency Improved but the static shear strength of the button
welded connection increased beyond the desirable range established
by the tests on the current torqued bolt-slotted steel fuse plate.
Although testing is not continued in this study, it is believed
that comparable static shear strengths with a high degree of con-
sistency could be obtained in button welded fuse plates if:

1. The steel plate thicknesses were reduced,
2. 'Thé wire size reduced.
3. Th§ pilot hole diameter reduced.

© Test Group 4 button welded fuse plate specimens showed
only slightly higher average shear strengths than the Test Group 2
torqued bolt-slotted fuse plates. Furthermore, even though the
shear strengths varied, the Test Group 4 button welded plates
appear to be a more reliiablie shear connection than the current
torqued bolt-slotted fuse plate design.

In this preliminary study, the two basic fuse plate
designs have been compared on the basis of their shear strength
under static load. |t is realized that a button welded fuse plate
design should also be dynamically tested before it would be adopted
for use in a breakaway sign post. However, this preliminary study
involving static load shear strengths show that any of the desired
properties of a torqued bolt-slotted fuse plate can be consistently
produced in a button welded fuse plate.

Any future dynamic tests should be aimed at determining a
button weld that when incorporated into a fuse plate connection
results in the same energy absorption at failure as does the torqued
bolt-slotted fuse plate. The variation in failure energy would be
the primary point of concern. :

_ At this time we have received no information to indicate
that the torqued bolt-slotted fuse plates are not performing satis-
factorily in breakaway steel! posts for signs erected by the California
Division of Highways. Other highway departments have reported
problems such as fuse plates shearing under wind loads on the sign or
fuse plates not shearing when the sign post is struck by a vehicle.
Some of the states tighten the high strength boits in the fuse plate
by the "turn of the nut' method whereas California has required the
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APPENDIX A
TABLE 1

MACROPHOTOGRAPH INTERPRETATION

TEST GROUP NO. 1

Test
Specimen
" No. Notable Features
1 Minimum penetration, large weld nugget, button
2 head not wetting, excessive button weld head,
3 round penetration profile.
b Loss of penetration.
5 No button weld penetration or fusion.
6 No button weld penetration or fusion.
7 Reestablished penetration, minimum Button head
wetting, Targe weld nugget.
8 Good penetration, uniform profile, good button
head wetting.
9 Good penetration, uniform profile, large area
Iin shear.
10 Less penetration, good fusion, good wetting.
11 Penetration is lessening, good wetting.
12 Loss of penetration
13 Reestablished minimum penetration
14 Premature cycle termination.
» 15 Small weld nugget, minimum penetration, good
wetting, round penetration profile.
R 1A & 2A Yarying penetration, good wetting, loss of
nugget head.
3A & 4p Substantially differing penetration, flush
button head, attractive spiked fusion profile,
good wetting.
5A & 6A Consistent profile, minimum button head,
good wetting.
7A & 8A Fusion area Increasing, button head forming,

good wetting, good spiked profile.
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MACROPHOTOGRAPH #2

MACROPHOTOGRAPH #1

MACROPHOTOGRAPH #b MACROPHOTGGRAPH #6

MACROPHOTOGRAPH #5

MACROPHOTOGRAPH #8 MACROPHOTOGRAPH #9

MACROPHOTOGRAPH #7
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MACROPHOTOGRAPH #10

MACROPHOTOGRAPH #1711

MACROPHOTOGRAPH #12

MACROPHOTOGRAPH #15

MACROPHOTOBRAPH #1a

MACROPHOTOGRAPH #2A MACROPHOTOGRAPH #3A
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Appendix A

MACROPHOTOGRAPH #5A MACROPHOTOGRAPH #6A

MACROPHOTOGRAPH #8A MACROPHOTOGRAPH #1B

MACROPHOTOGRAPH #8B MACROPHOTOGRAPH #98 MACROPHOTOGRAPH #168B
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TEST

SPECIMEN

Mean = 6,860 pounds -

VT Il N —

NO.

TABLE VI

Std. Dev. = 2,140 pounds

of Vartation

Coef.
TEST
SPECIMEN
NO .
2B - 3B
4B - kB
68 -~ 7B
10B - 118B
12B - 13B
148 - 158
188 - 19B
208 - 218B
228 - 23B
26B - 278
288 - 298B
30B - 318
34B - 35B
36B - 378
38B - 398
42B -~ 43B
L4t - L45B
L6 ~ 47B

31%

TABLE V1!

TEST GROUP NO.

TEST GROUP NO. 2 DATA

APPENDIX D

ULTIMATE STATIC

SHEARING STRENGTH

7,000
8,230
5,240
3,900
9,950

3 DATA

pounds
pounds
pounds
pounds

.pounds

ULTIMATE STATIC

SHEARING STRENGTH

3,960
3,720
3,880

4,180
4,300
k,000

4,300
L,170
L},SOO

5,770
5,330
5,720

5,540
5,510
4,800

5,790
5,860
6,100

pounds
pounds

pounds

pounds
pounds
pounds

pounds
pounds
pounds

pounds
pounds
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TABLE Vi11 APPENDIX D

TEST GROUP NO. 4 DATA

TEST

SPECIMEN ULTIMATE STATIC
NO. SHEARING STRENGTH
1C 9,240 pounds

- 2C : ‘ 9,870 pounds
-3¢ . : 8,880 pounds

¢ , 3,850 pounds
" BC 4,300 pounds

6C 8,150 pounds
H7¢C 6,850 pounds
. 8cC ‘ 9,250 pounds
. 9C 8,010 pounds
10¢ 8,480 pounds

Mean = 7,690 pounds
Std. Dev. = 1,970 pounds

Coef. of Variation = 26%

TABLE X

TEST GROUP NO. 5

"TEST

SPECIMEN ULTIMATE STATIC
NO . _ SHEARING STRENGTH

12C . 11,500 pounds
13¢C ' 10,750 pounds
14¢ ' 10,620 pounds
15C " 9,900 pounds
16cC . 11,620 pounds
17¢C 12,200 pounds
18¢ 12,000 pounds
19¢ 11,400 pounds
20C 10,100 pounds
21¢C - 10,870 pounds

Hg?n = 11,100 pounds
Std. Dev. = 733 pounds

Coef. of,VérfatTon = 6.6%
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